In this issue of Journal of Clinical Oncology, Crew et al 1 report results of an examination of vitamin D in 103 premenopausal breast cancer patients who participated in a 1-year trial of zoledronate compared with placebo, in which all women received daily vitamin D (400 IU) and calcium (1,000 mg). Seventy-four percent of women were vitamin D deficient at study entry shortly after diagnosis; deficiency was more common in black and Hispanic women than in white women. After 1 year, less than 15% of the white women (but no Hispanic or black women) who had been vitamin D deficient at baseline achieved sufficient levels in their blood. The authors conclude, "…our study suggests that a dose of 400 IU daily is inadequate in breast cancer patients even to maintain skeletal health, and is probably too low for meaningful anticancer effects." They go on to comment that controversy exists as to the upper safe daily limit of vitamin D supplementation and suggest "…it may be prudent to follow serum levels of 25-OHD [25-hydroxyvitamin D]…" This carefully conducted study echoes results recently reported by Neuhouser et al 2 (that approximately three fourths of patients with breast cancer from Los Angeles had inadequate blood levels of vitamin D) and by our group 3 (that the same proportion of patients with breast cancer in Toronto had inadequate levels).
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A search on PubMed using the terms "vitamin D," "vitamin D and cancer," or "vitamin D and breast cancer" from 1990 to November 2008 yielded the results shown in Table 1 . The total number of articles relating to vitamin D published annually during that period has more than doubled, the number relating to cancer and vitamin D has almost tripled, and the number relating to breast cancer and vitamin D has increased almost six-fold. It is likely this increase reflects both a desire to generate evidence on effects of vitamin D that are now recognized to extend beyond bone health and calcium metabolism (including effects on neuromuscular and cardiovascular health, autoimmunity, infection, and cancer) 4 and a belief, not fully supported by evidence, that vitamin D deficiency is a cause of ill health in the general population that should be treated with increasingly high doses of vitamin D. 5 A recent meta-analysis 6 of nine studies of vitamin D supplementation showing that vitamin D supplementation in doses that ranged from 300 to 2,000 IU/d (mean, 528 IU/d) was associated with a modest but significant reduction in mortality (relative risk, 0.93; 95% CI, 0.87 to 0.99) provides some support for this belief; however, evidence for other health effects is weaker, and the authors recommended further study.
When one looks at the association of vitamin D with cancer, the evidence is intriguing. 5, 7, 8 For breast cancer, 9 the strongest evidence is obtained from ecological studies that concluded that higher cancer rates in northern (v southern) latitudes were due to vitamin D deficiency. Observational studies examining the association between vitamin D intake or blood levels in relation to cancer risk in general, and breast cancer risk in particular, have yielded inconsistent results. [6] [7] [8] Evidence of an adverse effect of vitamin D deficiency in colorectal cancer has been most consistent. 10, 11 Randomized trials, designed primarily for bone end points, have also yielded inconsistent results. Lappe et al 12 reported a reduction of overall cancer risk (a secondary end point) in postmenopausal women randomly assigned to receive calcium alone or calcium plus vitamin D (1,100 IU/d) versus placebo; there was no vitamin D-only arm and cancer risk did not differ between the two calcium-containing arms. In contrast, a recent report from the Women's Health Initiative 13 failed to identify a beneficial effect of vitamin D supplementation (at a lower dose of 400 IU/d) on breast cancer risk compared with placebo. A note of caution is injected by reports that higher blood levels of vitamin D (well below 
the range considered toxic) may be associated with increased esophageal and prostate cancer risk or with more aggressive prostate cancer. 14, 15 Taken together, the available information is inadequate to conclude whether vitamin D influences cancer risk or mortality; furthermore, in individual studies in which vitamin D has been associated with cancer, it is not clear whether it is vitamin D or the company that it keeps (eg, diet, outdoor activity, healthy weight, higher socioeconomic class) that is the potentially responsible agent. The issue of causality is of particular concern given previous failed attempts to confirm the potential cancer-lowering effects of micronutrients such as ␤-carotene in cancer in randomized trials, even though observational studies suggested important effects. 16 Notwithstanding lack of high-level evidence, an effect of vitamin D on cancer risk or outcome is biologically plausible. [17] [18] [19] [20] Recent research has demonstrated that many tissues express 1,25-vitamin D hydroxylase, and are thus able to convert the predominant circulating form of vitamin D (inactive 25-OHD) to active 1,25-dihydroxyvitamin D. This 1,25-dihydroxyvitamin D can bind to vitamin D receptors, which are present on the nuclei of most cells. These vitamin D receptors are nuclear transcription factors that regulate the expression of more than 200 genes responsible for cell differentiation, proliferation, and apoptosis. The potential for major biologic effects underscores the critical importance of understanding the clinical impact of vitamin D on cancer risk and outcome, and should serve as stimulus for a targeted, adequately funded program of research in this area.
While awaiting results of this future research, as oncologists, we are being asked to advise our patients about whether they should take vitamin D supplements and, if so, what dose they should take. The unpredictable relationship between vitamin D intake and blood levels 13,21 (likely reflecting individual variability in diet, absorption, metabolism, and adiposity, and in sun exposure as an alternate source of vitamin D) makes it difficult to recommend a standard supplement dose and supports incorporating measurement of blood levels into recommendations. Although there is some minor disagreement about specific cut points, 4,21-24 most authorities suggest that a blood level of 25-OHD (the best marker of vitamin D status) of approximately 75 nmol/L (30 ng/mL) is required for vitamin D sufficiency, and levels above 375 nmol/L (150 ng/mL) are potentially toxic (associated with increased risk of hypercalcemia 4 ; Table 2 ). One recent review 21 suggests that there may be a "most advantageous" range of 25-OHD that starts at 75 nmol/L (30 ng/mL) and is ideally 90 to 100 nmol/L (36 to 40 ng/mL) that is associated with optimal musculoskeletal, neuromuscular, and cardiovascular health and immune function. Evidence regarding the safety of higher blood levels of vitamin D or supplementation with large doses of vitamin D focuses almost exclusively on short-term (up to 6 months) effects on calcium metabolism. Hypervitaminosis D (25-OHD Ͼ 375 nmol/L or Ͼ 150 ng/mL) is associated with hypercalcemia and resulting complications, including renal stones and bone demineralization. 22, 24 Information regarding effects of high levels of vitamin D on cell proliferation, differentiation, and apoptosis (of great relevance to cancer) or on other non-calcium-related health outcomes is lacking and is urgently needed.
With this background, what can we recommend to our patients? Current recommendations in the United States are 200, 400, and 600 IU per day of vitamin D 3 (available in over-the-counter preparations) in individuals age younger than 50, 50 to 70, and older than 70 years, respectively; an equal dose of vitamin D 2 (available by prescription) is approximately 30% as effective in maintaining vitamin D blood levels. 24 There is sufficient evidence that vitamin D supplementation at these doses is associated with reduced mortality 6 and improved bone health that we should feel comfortable with these doses as a starting point. However, as Crew et al 1 point out, many of our cancer patients will be vitamin D deficient with this approach, and higher supplement doses will often be warranted, particularly in those whose therapy (eg, breast cancer patients receiving aromatase inhibitors) puts them at increased risk for adverse effects of vitamin D deficiency. In considering higher doses, oncologists should aim to achieve the benefits of adequate vitamin D levels but they should also be guided by the principle primum non nocere (above all, do no harm). Some oncologists may be comfortable endorsing a higher dose in all patients; a dose of 1,000 IU/d is often suggested. 5 However, rather than endorsing an arbitrary higher dose, measurement of blood levels of 25-OHD is the most prudent approach to determine those who might benefit from vitamin D supplements, and to ensure that levels are in the advantageous range (90 to 100 nmol/L, or 36 to 40 ng/mL) in patients who are taking them. This approach should maximize known benefits and avoid both known (hypercalcemia and its associated complications) and potential unknown (cancer-related) adverse effects.
This advice should be viewed as interim. There may be specific benefits and harms associated with vitamin D supplementation in cancer patients that are not present in the general population, despite the fact that these benefits and harms have not been conclusively demonstrated. As a result, oncologists making recommendations to individual patients should take a cautious approach. Although this advice may be controversial, these recommendations should have a high chance of benefit and they should not harm our patients. As results of ongoing and planned research become available, many unanswered questions will be resolved, and more definitive recommendations that can be embraced by oncologists will be forthcoming.
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